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Concrete is the main material in the construction industry. Concrete is consisted of binder and filler. 
The main concrete binder is cement paste. The cement industry nowadays is not environmentally 
friendly because of the burning of cement raw materials require energy up to 1450°C. On the other 
hand, cement compound content which can be utilized as the environmentally and friendly 
subtitution is Silica (SiO2) and material with pozzolan character. The resulting product is a calcium 
silicate hydrate (CSH). This study used coconut husk ash and fly ash as a pozzolan material. In 
order to confirm the coconut husk ash and fly ash can be used as a pozzolan material, study used 
compressive strength method test on the cement paste hydration ages of 3 and 7 days. Results of 
this study suggested that the optimum composition of coconut fiber composite waste and fly ash 
managed to substitute 30% by weight of cement with the composition: 25% coconut husk ash and 
5% fly ash. 
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1. INTRODUCTION 
Infrastructure development has continued to experience a massive and rapid growth. The 
main construction material making up the infrastructure is concrete. Concrete consists of cement as 
a binder. Cement has a function in binding the other materials to create a strong building material. 
The use of cement has brought a big negative impact on global warming. The fact showed a serious 
attention  towards the cement production which required energy up to 1450 ° C and every one ton 
of cement clinker produced 525 kg of CO2 (WBCSD, 2011). Portland cement production reached 
2.8 billion tons per year and donated for 2-6% of total CO2 emissions by humans and be predicted 
to continue to rise (Schneider, 2011). 
To reduce the quantity of cement production, it has conducted several studies using 
alternative materials whose content have similarity to cement, for example, fly ash as a source of 
calcium (Zhang, 2008), as well as another variety of alternative sources of silica, such as slag 
(Enhua, 2008), rice husk ash (Fauziah, 2010), gheothermal sludge (Mulyanie 2011) and silica fume 
(Yu Zhu, 2014). In-the other hand, Indonesia is one of the country's largest producers of foodstuffs, 
such as rice, maize, sugar cane and coconut (Pillar, 2015). Coconut is one of the human primary 
needs that the number of commodity consumption is high, various processed can be made from 
coconuts. 
Research on coconut husk ash (ASK) has been done and has been found the composition of 
the compound obtained in the form of a high silica (SiO2) as many as 86.21% (Lertwattanaruk, 
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2015). This showed that the powder waste coconut husks have great potential to have favorable 
output with fly ash to be Supplementary Cementitious Material (SCM) (Kabay et al, 2015, Parashar 
2015)  
The main oxides contained in Portland cement is: CaO (60-70%), SiO2 (18-22%), Al2O3 (4-
6%), Fe2O3 (2-4%) (Scrivener, 2015). Clinker is composed of approximately 95% of these oxides 
and the rest of it are MgO, K2O, Na2O, TiO, Mn2O3, and SO3. The main oxides composed the main 
minerals of clinker. The Impact caused by the production of regular clinker of portland cement can 
be reduced either by using a composite cement whose clinker partially altered by supporting 
material of cement or SCM (Habeeb 2010, Mohamed 2014, Ramezanianpour 2014).  
Fly ash is a product of coal combustion residue collected by electrostatic method or 
mechanical deposition. Fly ash has a spherical morphology (Bayuaji et al, 2015) to facilitate the 
hydration binding of cement. 
The use of silica in the pozzolan material (Baharudin 2015, Bayuaji 2015, Lemonis 2015, 
Rahhal et al 2015, Cordeiro 2015) as a substitute for cement increased the strength of the concrete 
due to the silica surface will act as nucleation sites or the initial reaction of the formation of CSH. 
The effect of nucleation on concrete strength increased based on the fineness and the surface area of 
the silica material (Neville, 2010). 
For the hydration reaction on Portland cement and pozzolan reaction of fly ash and coconut 
husk ash can be seen in equations 1 and 2 below: 
 ........................ (1) 
............................................ (2) 
Hydration reaction on portland cement produces CSH gel as the core binding material on 
cement and calcium Ca(OH)2 as a residue. Residual hydration of portland cement in the form of 
calcium Ca(OH)2 reacts with pozzolan materials (SiO2, Al2O3, Fe2O3) from fly ash and coconut 
husk ash CSH generate additional volume, create a binder material which is more robust and 
economical (Bayuaji, 2015). 
This study aimed to determine the effect of coconut husk ash and fly ash in the cement 
paste. The benefits of this research are to reduce the use of cement with local material that has 
pozzolan characteristic maximally. This research has the potential to produce cement composite that 
has local material composition with pozzolan characteristic as an environmentally and friendly 
alternative materials. 
2. RESEARCH METHODOLOGY 
The research uses laboratory experiments with material type F fly ash from Power plants 
Paiton in East Java units 7 and 8 along with the husk of ripe coconut from waste coconut sales in 
Surabaya. Furthermore, to be able be used in research, it conducted the burning on coconut husk 
whose function is to obtain the ashes of coco with a high silica content with a total time of burning 
is 6 hours and a maximum temperature is 600 ° C at the Laboratory of Concrete and Building 
Materials Department of Civil Engineering ITS, detail of the combustion process is displayed in 
Figure 1. 
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Figure 1. The relationship between time and temperature on burning coconut husks 
To determine the characteristics of crystalline and amorphous characteristic of the fly ash 
and coconut husk ash, it is necessary to test the material with XRD (X-Ray Diffraction) test with 
Philips X'Pert MRD XRD equipment with Cu-kα source with a wavelength λ = 1.54056 nm. The 
next test is XRF (X-Ray Fluorescence) PAN-Analytical test in fly ash and coconut husk ash to 
determine the composition of the content in fly ash and coconut husk ash. Next test is density test to 
determine the density of cement, coconut husk ash and fly ash which are used to determine the 
composition of the specimen. From the test results, it is known that the density of cement was 3.17 
g / cm3, the density of the coconut husk ash was 1.27 g / cm3, and the density of fly ash was 2.46 g 
/ cm3. The test results are used to calculate the composition. Subsequently, all material is made for 
pasta cylindrical specimen with a diameter of 2.5 cm and height 5 cm for compressive strength 
testing. Composition 100% water and cement as control variables. Then it created a variation of the 
test specimen which cement content is reduced from 10% to 30% to 10% range. At every level of 
reduction of cement, the percentage of coconut husk ash (ASK) and fly ash (FA) is tested 
throughout its variations with a range of 5% resulting in a variation shown in Table 1. 
Table 1. The composition of paste specimen 
No 
Composition (%) 
Cement Coconut Husk As Fly ash 
1 100,00 0,00 0,00 
2 90,00 5,00 5,00 
3 90,00 10,00 0,00 
4 80,00 5,00 15,00 
5 80,00 10,00 10,00 
6 80,00 15,00 5,00 
7 80,00 20,00 0,00 
8 70,00 5,00 25,00 
9 70,00 10,00 20,00 
10 70,00 15,00 15,00 
11 70,00 20,00 10,00 
12 70,00 25,00 5,00 
13 70,00 30,00 0,00 
The implementation method of the specimen used the conventional method by stirring hand. 
After the cement is mixed with coconut husk ash and fly ash, wait until it hardened at the age of 3 
days and 7 days. From the composition in Table 2 has been done the strength test with a Universal 
Testing Machine (UTM) to determine the ultimate stress of the specimen by providing a 
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compressive force to the surface of the cylinder until the specimen suffered its ultimate limit which 
is boundary marked by the destruction of the specimen till the manometer on the appliance UTM 
stop. 
3. RESULT AND DISCUSSION 
From the XRD results can be seen that the Paiton fly ash contains silica (SiO2) and mullite 
(3Al2O32SiO2) in accordance with the results (Palomo, 1999). While the coconut husk ash contains 
carbon and silica (SiO2) in accordance with the results (Destyorini, 2010). 
The result of XRD (X-Ray Fluorescence) fly ash and coconut husk ash can be seen in Table 
2. From the results of XRF can be seen that the fly ash and coconut husk ash contains silica (SiO2), 
the largest as many as 20.77% and 63.31% , While the CaO content of fly ash as much as 7.31%, 
much more than the coconut husk which is only 0.77%. The second is important because the 
content of SiO2 and CaO serves as filler and binder between the material (Wiryasa, 2008). 
Table 2. XRF test on fly ash and coconut husk ash 
Type Composition (%) SiO2 Al2O3 CaO MgO Na2O K2O TiO2 Fe2O3 SO3 P2O5 MnO SrO 
Coconut 
Husk ash 63,31 0,25 0,77 0,29 0,00 4,24 0,04 0,46 0,53 0,63 0,09 0,00 
Fly Ash 20,77 4,45 7,31 1,75 0,04 0,72 0,73 13,95 0,34 0,04 0,30 0,09 
 
The Results of compressive strength of cement paste aged 3 days can be seen in Figure 6, 
and the results of compressive strength paste the age of 7 days can be seen in Figure 7. 
 
Figure 2. Comparison diagram of paste compressive strength on 3 days hydration age of various percentage of coconut 
husk ash compared to cement percentage a. 90% b. 80% and c. 70%  
a. 
b. 
c. 
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Figure 3 Comparison diagram of paste compressive strength on 7 days hydration age of various percentage of coconut 
husk ash compared to cement percentage a. 90% b. 80% and c. 70%  
In general the results of the compressive strength test specimens were rising after the age of 
7 days with the largest increase of 800%, found in the composition of 70% cement 15% coconut 
husk ash and 15% fly ash. It shows the proportion of the mixture is quite balanced. However 
specimen with a composition of 70% of cement, 25% coconut husk ash and fly ash has a 5% 
difference in the compressive strength of positive value up to the age of 7 days compared with the 
control variables (Table 2). This composition has a compressive strength rise to 500% from 3 days 
to 7 days. Therefore, the composition with 70% of cement, 25% coconut husk ash, fly ash and 5% is 
the optimum composition of cement that can replace 100% of cement composition. 
Table 3. Comparison of compressive strength difference between independent variables and control variables 
Composition (%) Comparison (%) 
Cement 
Coconut 
Husk 
Ash 
Fly ash 3 days age 7 days age 
90 5 5 +600 +123 
90 10 0 0 -433 
80 5 15 +138 +102 
80 10 10 +264 +114 
80 15 5 +394 +119 
80 20 0 -50 -650 
70 5 25 -50 -1300 
70 10 20 -50 +433 
70 15 15 -50 +144 
70 20 10 -102 -108 
70 25 5 +109 +102 
70 30 0 -50 -433 
 
From Table 3 is known sign (+), indicates that the strong value of the pressure test is greater 
than the stronger test than the control variables, it demonstrates that the cement hydration reaction 
with water which generate CSH gel and Ca(OH)2, as in Equation 3. 
 ........................ (3) 
a. b. c. 
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Compounds Ca(OH)2 from the cement hydration can react appropriately with content results 
in SiO2, Al2O3, Fe2O3 composition of fly ash and coconut husks to produce the volume of CSH 
gel more likely to produce material binder firmer (Neville, 2010), the reaction shown by equation 4. 
............................................ (4) 
While sign (-) indicates that the composition with high levels of silica excess did not react 
appropriately with compound Ca(OH)2 of hydration of cement, it reduces the content of CSH of the 
cement and the silica content that make cement cannot bind strongly, so that the strength of the 
cement paste will be decreasing. 
From the explanation above can be analyzed that, the exact composition between silica from 
fly ash, coconut husk ash and cement can increase the compressive strength, but if the composition 
of the silica filler excess, otherwise it will be a filler in the cement paste that make it brittle. 
4. CONCLUSION 
From the research that has been done, it can be concluded as follows: 
1. Coconut husk ash can be a binder in cooperation with fly ash as a cement substitute material. 
2. Cement testing can be concluded that the cement composition to 70%, 5% fly ash and 25% 
coconut fiber can replace 100% composition of cement 
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